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CARBON-FIBRP-pqvered MATERIAI 

This invention relates to a new Serial cornea with ana 
coverea by carb on fibers, ana more particularly to a new roterial 

With C ° Vered ^ ~ P^erirea carbon 

fibers which are aaherea to a»a densely standing on a surface ox 
surfaces of a base material conventionally known i n itself sueh 
as, for example, plasties, metals, wooa, ana the l ifce . 

Accorain, to the present invention, many aesirable 
properties ownea by carbon fibers ana aotivatea carbon fibers 
such as heat resisting property heat insulating property, fi„ 
r.taraanc y , oorrosion resistivity, wave absorbing (shielaing, 
property ana aasorption property are i^artea through .^.^ 
economical processing steps to the base material (which viu be 

referrea to as "substrate" herein***,,,! 4. 

ce hereinafter) to produce new materials 

of the invention, i.e. "carbon-fiber-coverea materials" which ^ 
will fina a wine variety of uses incluain, builaing ana interior ' 
materials, structural materia, insulators. fnter el 
adsorbents , etc* 



ReCentl1 " Carb ° n fibers #m remarkable attention 

by virtue of their mechanical strength ana light weight aha / 
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increasingly utilized in many fields as so-called "Carbon Fiber 
Beinforced Composite Material" (CFKCM) by compounding carbon 
fibers with base plastic resins or metal matrices. 

Carbon fibers are usually supplied in the form of filaments 
and tows as veil as woven or knitted fabrics, non-woven fabrics 
(or felts) and pre-pregs. In any case, carbon fibers have mainly 
been intended to be used as "intermediate material" for producing 
CFRCK, namely advanced and expensive conposite materials. Thus, 
carbon fibers are deemed highly expensive industrial materials 
and find only limited areas of use which will produce large 
profits , fpr example, aircraft industries and luxurious sports 
goods. 

Besides mechanical strength and light weight, carbon fibers 
have many desirable physical properties such as heat resisting 
property, fire retardancy, heat insulating property, corrosion 
resistance, property for shielding electromagnetic waves, and 
property for adsorbing malodorous and hamful substances. These 
desirable w4 useful properties or functions, however, have not 
been utilized in a relatively simple and economical manner. For 
example, woven or knitted fabrics of carbon fibers have been 
developed having a high degree of heat insulating property a«I 
fire retardancy, but they are not employed as such for interior 
materials, e.g. wall cloth having insulating property and fire 
retardancy because they are lack of shape retentivity without any 
support material or structure and difficult to handle for 
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applyin, th.„ to the „aU structure. tl kwl ... earbon flb . r , 
have not been »tUi„d .., £or exaapU/ ^ 
heat radiated backward from eieetrie heate „, or 
Serial in refrigerators to „ w .nt C0W air tfm 
. ~v fro, the refrlgemor . ^ cMbon ^ 

activated carbon fibers, are k««~„ u y 

' are knovm to hav « ?ood adsorption 
property, carbon fiber fabrics «« u 

. aorics, as such, have not been «s«<3 * er 

acsorbent *ateria ls , much lw fcr ^ 

stone, brie,, g la 89 , woo «, paper or ^ ^ ^ 

10 provi ding effective ana economical neat insulator, heat or fir, 
resisting materials, adsorbent, etc. 



According, it is an object or the invention to develop ^ 
uses of carbon fiber itself. 

It is another object of the invention to „« Us , ^ ! V 
IS fiber in its siller and cheaper for. than heretofore ^ 
vithout fornolatin, it in cooler and expend co^it, 

It is further object of the Invention to provi*, , „ . 
«terial based on carbon fibers and to be in a -id. ^ 
of applications, for exa^le, indoetrial, ^rtaflt^l, 
20 architectnral and hocrehold eses. 
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It is still further object cf the invention tc prcvide a new 
material comprising a base material (substrate) selected from a 
wide variety of conventional materials and finely divided or 
pulverized carbon fibers adhered to and standing close together 
on the surface of the base material. 

It is yet another object of the invention to provide a new 
combination of carbon fibers with conventional substrates, such 
as plasties, metals, woods, glass, ceramics , paper, cloth, 
leather brick, stone, cement, etc. in a relatively simple and 
economical manner to obtain a new material having good physical 
properties such as heat resistivity, heat insulating property , 
corrosion resistivity and adsorption property , on one hand, and 
good shape retentivity and easy handling, on the other hand. 

It is a specific object of the invention to provide a 
shielding tape which is made from fine carbon fibers, adhered to 
.axjd standing on the base film and which is easy to attach to any 
dteeijred electronical or electrical equipments for shielding 
undesirable electromagnetic waves. 

It is another specific object of the invention to provide a 
new material which is covered by fine activated carbon fibers 
adhered to and standing on the base material and is suitable to 
be veed as filter elements and adsorbents. 
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Briefly, the new materia i of 4-k«= <„ 

. la " ° f the lnv ention comprises fine 

- -ambers adher6d to Jnd aeMeiy stMdin9 on - 
appropriate substrate or Mteriai seiectea ^ ^ . 

> consisting of plastics, metals, glass ~~. m • 

gj-as S/ ceramics, wood, paper 

::z ;r r - brick ana stone - -°- iy — ■ — - 

carbon frbers standln , uprl9ht on ^ ^ 

aensity that the surfaoe of the substrate is virtn-iiv 

u virtually covered 

and hrdden by standing fibers and the surface is not 

-croscopically exposed, nenseiy standing carbon fibers My 

cove, all the surface of the substrate or carbon f ibers My be 

densely adhered to localired area or areas on the substrate. 

Carbon fibers can be applied, preferably in standing 
conditions, on the substrate by either a .echanical spraying 
method or an electrostatic flowing Kthod , the ^ ^ 

^arable in view of easiness in operation and high gualitT Z 
product obtained thereby. ' ' 

invent**""" " ^ """^ *** ~* ^ *° 

mven ron rnclude fUms , sh eets, plates and bars of plastics such 

nylon, vinyl, polypropylene, polyethylene, f oara ed and 

non-foamed polyurethane, woven fabrics, Knitted fabrics 

non-woven fabrics of natural fibers including cotton. he*p, sil* 

and synthetic fibers including rayon/polyester, fabrics of 

inorganic fibers such as glass wool and metallic fibers, papers 

-eluding Japanese paper and corrugated cardboard.- sheets and 
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b locks of natural and synthetic rubbers; foils, sheets, plates, 
rod and bars of metals; synthetic and natural leathers; wood 
plates including veneer and plywood, wood blocks and wood bars; 
plate glasses, glass rods, glass tubes, glass cups and ether 
glasswares; bricks; concrete blocks; and stones. By combining 
these substrates with carbon fibers, the substrates are imparted 
with desirable physical properties such as heat resistivity, heat 
insulating property, fire retardancy, corrosion resistivity, wave 
absorbing property, and malodor adsorbing property, and at the 
same time impart to the carbon fibers shape retentivity which is 
required in easily handling the same. The substrates which are 
employed in this invention are easily and economically available 
fro© ecpventional sources, and the carbon fibers are also 
relatively economical because they do not require special 
expensive treatments such as those required in making so-called 
composite materials so that the new materials of the invention as 
a whole are obtained in a relatively non-expensive manner to 
permit then to be utilized in a wide variety of usages. 

In the present invention, carbon fibers are utilized in the 
f ozm of fine and minu te fibers obtained by finely dividing or 
pulverizing continuous carbon fiber filaments or tows comprising 
a plnrality of such filaments, although such fine and minute 
carbon fibers are also obtained by finely divided or pulverizing 
commercially available woven and non-woven fabrics or knitted 
fabrics of carbon fibers. 
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The essentia! feature of the present invention lies in that 
conventional materials such as plastic sheets or films, metallic 
Plates, plate glasses, wood plates, ieathers, rubber sheet*" can 
be easily ana economically combined with carbon fibers to thereby 
produce new -aterials heretofore unexpected and develop a wide 
variety of new uses of carbon fibers. 

To manufacture the new materials of the present invention, 
adhesive* are applied on the surface of a selected substrate 
Adhesives which may be employed in the present imrention 
organic adhesives such as acrylic esters, polyvinyl acetate, 
ethylene-vinyl acetate copolymer, rubbery nitrile. styrene 
butadiene rubber, polyurethane , epoxy resin and so on; and 
inorganic adhesives such as alkali metal silicates, alkyl 
silicates, and so on. where the new materials of the present * 
invention are intended to be used in extremely high temperature- 
exceeding 1000-C. inorganic adhesives capable of endure such 
temperatures should be employed. 

Adhesives may preferably contain conductive dusts such as " 
carbon dust or metal dust where carbon fibers are combined with 
the substrate by utilizing electrostatic flocking method. 
Adhesives may be applied in such a thickness as from .0*1 to Sm.^ 
depending upon specific length of carbon fibers, used. ' '' "/ '- ^M V- 

Carbon fibers which can be utilized in the present invention 
include those obtained from PAN (polyacrylonitrile, , pitch. > 
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cellulosic rayon as well phenolic precursors. High performance 
carbon fibers (HPCF) as well as general purpose carbon fibers 
(GPCF) may be used* Furthermore , the present invention 
contearolates to use activated carbon fibers r which generally are 

5 obtained through stabilizing steps and activating steps conducted 
on organic starting materials selected from PAN fibers, rayon 
fibers or phenolic-fibers. Stabilizing steps comprise heating 
the starting material at temperatures between 200 and 400°C to 
render the material fire resistant. Activating steps are usually 

10 conducted in oxidizing atmospheres at relatively high 

temperatures between 500 and 1000 °C to thereby produce carton 
fibers having myriad micropores of from 7 to 15 microns diameter 
developed in the peripheral surface of the fibers. These 
microphores render carbon fibers very active to adsorb malodorous 

*5 and harmful substances. . - 

The invention is illustrated by way of example 
in -fche -accompanying drawings , in which: 

Figure 1 illustrates enlarged fragmentary sectional views of 
several embodiments of carbon- fiber-covered materials according 

20 to the invention, Figure 1 (A) showing an embodiment in which the 
substrate is covered on its one surface with carbon fibers, 
Figure 1(B) showing another embodiment in which the substrate is 
covered on its both surfaces with carbon fibers. Figure 1(C) 
showing further embodiment in which the substrate is covered with 

25 carbon fibers and other fibers alternately arranged to form 
patterns, and Figure 1(D) showing still further embodiment in 



0162645 



-9- 

which carbon fiber* are ar-r** j • 

rC arran ^d in crossing stripes on the 

substrate; 



Figure 2 Ulustrates an example of a maM f<Jr 
manufacturing the carbon-fifcer-coverea materiai of ^ inventioE! 

= Figure 3 illustrates another example of . methoa f<Jr 
lecturing t h e carbon-fiber-covere* materia! or the invention.- 

Figures 4 through 16 illustrate various uses o, the 
carbon-fiber-coverea materials or the invention, wherein 



10 building or interior materials; 



as 



Figure 5 shoBS . use of ^ ^ ^ 

the neutron aa heat insulator or ^looor adsorbent in a ^ 
refrigerator; 



Figure 6 shows a uc e of M4 .' . , 

° f the rat «ial of the invention as 
= thermal insulator in an electrical heater; 

Figure 7 shows a use of the o£ ^ ^ 

heat insulator in agricultural application,,: . ^ ; 

. ■ * . 

Figure 8 shows a use of the Serial of the invention a s 
malodor adsorbent in the shoes; 
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Figure 9 shows a use of the material of the invention as 
thermal insulator in an electronic oven; 

Figure 10 shows a use of the material of the invention as 
heat insulator of a pan lid; 

Figure 11 shows a use of the material of the invention as 
fire retardant for a bed pad; 

Figure 12 shows a use of the material of the invention as 
heat protector for an electric blanket; 

Figure 13 shows a use of the material of the invention as 
heat retaining material for an electrically heating carpet; 

Figure 14 shows a use of the material of the invention as 
heat insulator for a cocking utensil; 

Figure 15 shows a use of the invention as heat insulator for 
refractories; 

Figure 16 illustrates a wave absorbing tape manufactured 
according to the invention utilizing carbon-fiber-covered 
material as shown in Figure 1 (D) ; 

Figure 17 shows an enlarged fragmentary sectional view of a 
filtering or adsorbing material manufactured by planting 



01 62645 

-i 1 - 

activated carbon fibers on a surface of a permeable substrate 
such as foamed polyurethane; 

Figure 18 shows a further enlarged view of a filtering or 
adsorbing material in Figure 17; 



5 Figure 19 shows an enlarged fragmentary section of a 

filtering material manufactured by planting activated carbon 
fibers on a wire net; and 



Figure 20 illustrates a handy filter device ^de of a 
carbon-fiber-covered net as shown in Figure IS. 



10 Referring now to the drawings, preferred embodiments of the 

invention will be described in detail. 

in Figure 1(A) , reference numeral 1 designates.' 
such as, for example, a nylon sheet of about .5** thickness Ihe 
substrate 1 may be of other materials such as polyvinyl chloride 
15 sheet, cotton cloth, fiber glass fabric, Japanese paper, as welt 
as plywood, sheet metal, leather, firebrick, :foi»ed ^ly^re^:' 
or the like. 

The substrate Lis provided with an adhesive layer 2, >o|f 
instance, epoKy resin applied in about .1mm thickness. Adhesive* 
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2 may be of organic and inorganic types, the latter being 
preferable wKcre the carbcn-fiber-covercd materials of the 
invention are to be used in elevated temperatures exceeding about 
300°C and the substrates having high heat resistance are 
employed. Alkyl silicates are appropriate adhesives in high 
temperature applications. 

Tine and minute carbon fibers 3 are densely planted on the 
adhesive layer 2. Carbon fibers 3 may be of about 8 m (.008mm) 
in diameter and .8mm in length. Generally, fine and minute 
carbon fibers may be prepared by finely dividing or pulverizing 
continuous carbon fiber filaments of about 7-15 microns in 
diameter into about .5 - 1.5 millimeter lengths. Carbon fibers 3 
are standing close together so as to cover and conceal the 
surface of the substrate 1 to form carbon-fiber-covered materials 
9f thuB invention. Substantially all of the carbon fibers 3 axe 
standing upright on the substrate 1 , though a few of fibers are 
slanting among upright fibers. In any case, carbon fibers 3 are 
sticking their lower end into the adhesive layer 2 and exposing 
their remaining surface to environmental atmosphere. 

Carbon fibers may be mixed with other fibers such as cotton 
and Jv?mp fibers, where a pale surface color or grey color instead 
of pure black color is desired, although pure carbon fibers are 
preferable in view of properties such as thermal insulating 
property and. odor adsorbing property to be attained. 
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Carbon fibers may be planted en k«4.u 

j «= pj.cxr.rec cn both surfaces 2, 2 of the 

substrate , as shmm in Figure , ,„ te attaiD ^ ^ ^ 
properties, flare retardancy, and the like as possible. 

Figure 1 (C , shows a varied for* of the carbon-fiber-covered 
5 materials of the invention. ln thia ^ ^ 3 

are planted in limited areas on the surface of the substrate 1 
and the remaining areas are occupied by. for example, white color 
flocks C to for* black and white cross stripes. Various patterns 
such as stripes, checks, polka dots, and the like rev be forred 
,0 by mixing b i ack carbon flbers ^ ^ 

In the combined new reterial of the invention, substrate 1 
serves as support for carbon fiber, 3 which have no shape ^ 
retentive in themselves, and, in turn, is given by carbon 
fibers 3 reny desirable properties which are not found in itself 
,5 such as heat resisting and insulating properties, «re retardanoy 
orthe like. .' j /. % '/-Sg^ 

as an example, a test was carried on a carboh-f iber^bveri 1 " 
PVC film, carbon fibers of about .„mm length were planted in 
densely standi*, conditions on the substrate polyvinyl chloride 
20 film of about .Sre thickness. When flares at about 600-C were 
contacted to the rear surface of the substrate (which Was not 
covered by carbon fibers), the substrate immediately burned and 
changed into black shrunk mass, whereas the upper surface covered 
by standin 9 carbon fibers did not burn nor change by subjecting 
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it to flames of the same temperature, and in 15 seconds only rear 
surface of the substrate PVC was found to have small bubbles 
formed by thermal expansion. 

Another test was conducted on another carbon-fiber-covered 
5 paper which was prepared by planting .8iran length carbon fibers in 
densely stan ding conditions on a Japanese paper of .3mm thick. 
The substrate paper was directly contacted on its rear surface to 
a lighted cigarette (at about 450 °C) and found immediately to 
have * black burnt hole, whereas the upper surface covered by 
10 standing carbon fibers was found to endure direct contacting by 
lighted cigarette without burning, and in 20 seconds a pale burnt 
spot fonnd on the rear surface of the substrate. 

y^t another test was conducted on a fiber glass woven fabric 
Of about ..Bran thickness covered on its upper surface with .8mm 

35 length carbon fibers standing upright densely thereon. 

Carbon-fiber-covered surface of the substrate was found to endure 
direct contacting by a lighted cigarette until a pale burnt spot 
was f cwnd to be formed on the rearf ace of the substrate in about 
50 seconds , whereas contacting lighted portion of cigarette 

20 directly to the, rearface of the substrate formed black burnt hole 
only in 10 seconds- 
Figure 1(D) shows another embodiment of the carbon-f iber- 

. ■ ■ ■ - • * • • • • ■ *■ ■ 

covered material, of the invention in which carbon fibers are 
planted on the substrate 1 in crossing rows 3 and 4 by the aid of 
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adhesive layers 2 applied correspondingly in crossing patterns. 
These crossing rows 3 and 4 of carbon fibers can be clearly seen 
in Figure 16 which shews a specific use of the ne W material of 
the invention for absorbing or shielding undesirable 
5 electromagnetic waves. As will be seen, Figure 1(D) is an 
enlarged sectional view taken along the line D-D in Figure 16 . 
By planting carbon fibers in cross stripes or crossing rows 3 and 
A as shown in Figure 1(D) or Figure 16, an amount of carbon 
fibers to be used can be economically reduced in certain 
10 applications. 

in Figure 1(D), an adhesive layer 5 is provided on the 
rearface of the substrate 1 to be used for easily applying the 
carbon-fiber-covered material (shielding tape) to any selected '; 
equipments such as OA equipment. Adhesive layer 5 is covered 
15 with a remover paper 6 as explained in detail hereinafter. 



Now referring to Figure 2, an example of V process for 
preparing carbon-fiber-covered .'.^ 

described. Principally, the processes described and lll^stS|i| 
herein is based upon an electrostatic flocking technique, \: V ''' 
20 although other method such as, for example, mechanical spraying 
can also be utilized. 



In Figure 2, a continuous web-like substrate 1, suci as 
polyvinyl chloride sheet, is continuously supplied by; a pait i| 
feed rolls R and R« in the direction of arrow F. Adhesive 
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applicator means 7 is provided at upstream side of the running 

substrate 1. Adhesive layer 2 is applied by means 7 to the 

surface of substrate 1 in a predetermined thickness. Adhesive 

layer 2 may preferably contain electrical conductive dusts in 

order to make the layer 2 conductive for the purpose tc be 
described hereinafter. 

Above the substrate 1 is supported a hopper 8 which 
acconanodates fine and minute carbon fibers 3 ' in loose 
conditions. The hopper 8 is provided on its base with an 
electrode 9 having slits or small gaps formed therein. Another 
electrode 10 is disposed below the path of substrate 1 in 
oppositely facing relationship with the electrode 9. Across 
electrodes 9 and 10 is applied electrostatic voltage of about 10 
to 100KV r preferably 20-60KV so as to eject loose carbon fibers 
3' from hopper 8 onto substrate 1. Ejected carbon fibers are 
sticking to and standing on the adhesive layer 2 in dense and 
upright conditions. In order to assist carbon fibers in standing 
upright on the substrate 1, rotating rods 11 may be provided 
adjacent to the undersurface of the substrate 1 to beat the same 
and vibrate carbon fibers into standing conditions. 

High frequency induction heater or ultrasonic heater means 
15 may be provided downstream of the hopper 8. If adhesive layer 
2 is of conductive nature, an earthing wire 16 is connected 
between adhesive layer 2 and the ground. 
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In operation, fine and minute carbon fibers of, e.g., 8 
microns in diameter and 1.2mm in length, are charged in L ' 
hopper 8 and the substrate 1 is continuously moved i„ the 
direction of arrow F through applicator means 7. As the 
5 electrostatic voltage is applied across the electrodes 9 and 10, 
carbon fibers 3' are forced to fly out of the hopper 8 through ' 
the slits or ga F s of the electrode 9 toward the other electrode 
10. Electrode 9 may be connected to positive side of the power 
source (not shown) and electrode 10 may be connected to negative 
,0 side, or vice versa. Flying carbon fibers are caused to stick at 
high speed in the adhesive layer 2 by the action of the 
electrostatic field formed between electrodes 9 and 10, of which 
main area is depicted in imagination line in Figure 2. Thus, 
substantially all of carbon fibers 3 are permitted to stand ' 
5 upright and densely on the substrate" 1 as shown in Figure 2 and 
more clearly in Figure 1(A) .. Rotating of rods 11 makes the 
substrate 1 vibrate to assist carbon fibers 3 in standing on the 
adhesive layer 2. By the use of high frequency heating appara^i 
15 (or ultrasonic wave heater), adhesion between carbon fibers 3 
0 and adhesive layer 2 and between adhesive layer 2 and substrate 1 
can be strengthened. 

In the course of electrostatic flocking process, carbon 
fibers placed in the hopper 8 become charged with electricity of 
the same polarity as that of electrode on which carbon fibers a^^ 
first placed, i.e. positive electrode 9 in case of Figure 2, and 
produce strong repulsive forces against that electrode and, at 
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the same time , are being strongly attracted by the electrode of 
opposite polarity r i.e. negative electrode 10. Thus, carbon 
fibers 3 1 are caused to fly away at high velocity and pierce into 
adhesive layer 2 with strong forces in such a manner that almost 
5 all fibers can stand upright cn the substrate 1 with few floating 
fibers left on the substrate 1. Floating fibers , if any, can be 
remove by appropriate means such as suction box (not shewn) tc be 
disposed downstream of means 15. Carbon fibers 3 now standing on 
the adhesive layer 2 may exert repulsive forces upon following 

10 flying fibers of the same electric charge as that of the standing 
fibers 3 and obstruct the following fibers to reach and pierce 
into the adhesive layer 2. To avoid this, the adhesive layer 2 
is preferably made conductive, as mentioned above, by 
incorporating conductive dusts therein and connected through the 

15 wire 16 to the ground. Thus, carbon fibers 3 upon reaching and 
piercing into the adhesive layer 2 will immediately lose their 
electric charge so that following fibers can penetrate into a 
mass gf preceding fibers already standing on the adhesive layer 
even in very close proximity to individual preceding fibers. 

20 While in Figure 2 the substrate 1 is shewn as of a 

continuous web, substrates of limited length, such as sheet 
metal, plywood, lea t her, brick, may also be treated by the method 
of the invention. In such a case, an endless conveyor belt means 
may be disposed in place of the substrate 1 in Figure 2, and 

25 support thereon any substrates of lim i ted length to convey the 
same through work stations 7, 8 and 15. 



01 62645 



-19- 

Figure 3 illustrates another example of a method for 
manufacturing the new material of the invention. 

Continuous substrate 1 is placed on the feed rolls R and R' 
as running in the direction of arrow F below which is disposed a 
conveyor belt 12 running in the same direction F with the same 
speed as the substrate 1. Loose carbon fibers 3' finely divided 
or pulverized in the size of, for example, 1.2mm are supplied 
onto the conveyor 12 from suitable source (not shown) and fed 
into the electrostatic field as depicted by imagination line 
between positive and negative electrodes 9 and 10. Electrostatic 
voltage is being applied across the electrodes 9 and 10 . An 
adhesive container 14 is placed below the substrate 1 and above 
the conveyor 12 in which an applicator roll 13 is partially 
immersed and contacted with the undersurface of the substrate 1 
to apply an adhesive layer 2 thereto in a predetermined 
thickness. ■ .; :^s>. 

Entering the electrostatic field between, the electrodes 9 ' " 
and 10, carbon fibers 3' on the conveyor 12 are forced to fly up 
at high speed with strong forces and stick upright into the 
adhesive layer 2 thereby to be densely planted on the ^stra^- ^ 
1. In this method, there are substantially no fibers laid fl^ f 
on the substrate 1 as fibers not adhering thereto, if '^'^&\ 
come down onto the conveyor 12 and be again caused to fly up 
against the substrate until they stick successfully into the 
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adhesive layer 2, thus producing carbon-f iber-covered materials 
of higher density than obtained by the method of Figure 2. 

According to the invention, by utilizing the apparatus and 
xaethod as illustrated in Figure 2 or Figure 3, fine and minute 
carbon fibers in the si2e of r for example , 8 microns in diameter 
and l.Smta in length r car. be easily and successfully planted on 
the substrate in the density of about 15,000 through 50 f 000 
fibers/cm 2 , thus producing new materials which is virtually 
coaqpletely covered by fine carbon fibers standing upright thereon 
with substantially no exposed surface left. 

The apparatus shown in Figure 2 and the apparatus shown in 
Figure 3 can be combined / that is, they can be disposed in tandem 
along the running direction of the same and single substrate 1 so 
that both surfaces of the substrate 1 may be covered with fine 
and minute carbon fibers standing upright and densely thereon to 
produce carbon- fiber-covered new materials as illustrated in 
Figure 1 (B) • 

If desired, carbon- fiber-covered new materials thus obtained 
may be subjected to a high frequency press work which applies 
partial pressures onto the surface of the substrate to make an 
article having an appearance like an embossed carpet which has 
standing fibers in some areas and laid down fibers in another 
areas . 
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The new materials of the invention finds a wide variety of 
new uses which are not expected heretofore in regard to carbon 
fiber itself as well as conventional base material (substrate) . 
Figure 4 through Figure 20 illustrate some examples of such uses. 

Figure 4 illustrates a use of the new material of the 
invention as building or interior materials in houses, especially 
made mainly of wood for heat insulating purposes. In Figure 4, a 
left side roof 20, which may be cf tin plate or slate, is covered 
on its innersurface directly with fine and minute carbon fibers 3 
standing densely thereon. These carbon fibers, having heat 
resisting and insulating properties, form an insulating layer to 
prevent heat, for example, intense heat of the sunlight in 
summer, from entering the inside of the house. A right side roof 
in Figure 4 is not covered directly by carbon fibers, but is 
provided inside with a lining board 20 ' which may be plywood or 
polyvinyl chloride sheet having fine carbon fibers 3 planted 
thereon standing densely. These carbon-fiber-covered material 2^ 
and 20' can also function to prevent heat in the house from v - 
escaping outside, especially in winter. For the same purposes, a 
ceiling 21 is covered on its upper surface with densely standing^ 
fine carbon fibers 3, which function to insulate the room both 
for cooling and heating purposes thereby to contribute tp: energy - - 
savings. A left side wall plate 22 which is , f or/example r : ' of ' \ C'?^ 
wooden material , is covered on its outside surface with fine ^ 
carbon fibers 3 planted densely thereon so that $k will 
effectively function to thermally insulate the room without 
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considerably increasing the wall thickness and changing an 
appearance of the wall. In contrast, a right side wall plate 23 
is provided on its inside surface with densely planted fine 
carbon fibers 3 which present a real black surface facing to the 
5 inside of the room. A black wall surface may be somewhat 
singular, but can be utilized for sow? interior decoration 
purposes. Also, wall plate 23 provided on its inside surface 
with carbon fibers 3 standing thereon can be utilized in, for 
example, a kitchen, a smoking room or a lavatory where carbon 
10 fibers are of activated type having sufficient adsorption ability 
to adsorb and remove malodor in the room. 

flooring 24 is provided on its undersurface with fine 
carbon fibers 3, preferably of activated type, which is useful 
for thermal insulation and for adsorption of malodor from musty 
15 air under the floor ♦ Flooring 24 can also be installed with its 
covered surface 3 up, as for example, in the kitchen or lavatory 
for adsorption of malodor in the air. 

Carbon fibers 3, especially of activated type utilized for 
adsorption purpose, can be easily renewed by washing in water, 
20 spraying stream or wiping with wet duster because they have good 
desorption ability to release malodorous substances contained 
therein to the water- 

Generally speaking, the new materials of the invention as 
used for building or interior materials contribute to attain 
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energy savings by virtue of their thermal insulating properties 
and serve to provide fire or flame retardancy especially for 
wooden houses without requiring substantial change in 
architectural techniques and specifications heretofore relied 
upon so that the new materials of the invention can be employed 
in a relatively economical manner and will find spreading new 



uses 



Figure 5 shows a frcnt elevational view partly cut away of a 
refrigerator in which new materials of the invention are usea for 

10 thermal insulation and malodor adsorption. Lining pistes 26 
covered by fine carbon fibers 3 standing densely on inner 
surfaces are employed to form three inside walls and a bottom as 
well as an fc|ner surface of a door (not shown) . lining plates':,'.^ 
may be of plastics, sheet metals, plate glass or ceramics. 

15 Carbon-fiber-covered plates 26 have good thermal insulation 

property preventing cold air in the refrigerator from escaping 
outwardly through outer shells thereby to reduce electrical pow^ 

, C0nSUn?,tiOn an * t0 ^crease cooling capacity of the refrigerator. 
As a result, the refrigerator employing carbon-fiber-covered 

20 lining plate 26 of the invention can be designed in a impact 

scale since a w,.ll thickness t can be smaller than heretofore, by 
virtue of good thermal insulation ability owned 1^ «rboh f ibe^# 
3. Where carbo- fibers 3 are of activated type, malodor inherent 
in the refrigerjtor will not be produced because possible . f * 

' malodorous substances emitting^ froi^foods'in ^®fHgerato^' 

will be quickly and effectively adsorbed by act*raied carl^ : ? 
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fibers 3. In this regard r a shelf 26' covered with activated 
carbon fibers on its top surface or a shelf 26" covered with 
activated carbon fibers on its bottom surface may also be 
employed for adsorption purpose. When adsorption becomes poor, 
activated carbon fibers can be washed in hot water or wiped with 
wet duster to renew their adsorption ability. 

Figure 6 is a partially sectional side view of an electric 
heater employing new materials of the invention as heat 
insulators- This electric heater has a reflecting plate 27 
disposed behind heat radiating sources depicted by circles and 
provide on its rearface with densely standing fine carbon fibers 
3. Reflecting plate 27 xaay be made of sheet metal such as 
stainless gteel or heat resisting glass. Where reflecting plate 
27 i§ of metallic material, it may be subjected to flocking 
operation (planting fine carbon fibers 3) in its straight or 
plane condition and thereafter to cutting and bending operation. 

However good reflecting performance the plate 27 may have, 
heat raff fatted from the sources dissipates rearwardly through the 
plate 27 go that heating efficiency is diminished in the front. 
According to the invention, the reflecting plate 27 is covered 
with coxfcQn fibers 3 on its rearface and carbon fibers 3 serve to 
shield heat dissipating rearwardly thereby to correspondingly 
increase heat radiated and reflected forwardly. 
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An outer shell 28 of the electric heater in Figure 6 is 
likewise provided with fine carbon fibers 3 standing densely on 
its outer surface. Usually, the outer shell 28 may be of 
metallic material and heated to such high temperatures that it 
may cause a burn upon inadvertently touching or even a f ire . B y 
utilizing the new material of the invention as an outer shell of 
the heater of this type, it is possible to prevent such an 
accident as fine standing carbon fibers planted densely on the 
outer or even inner surface of the shell function as the 
insulating layer. 

Figure 7 is a schematic sectional view of a hot house of 
vinyl sheet for use in agricultural, horticultural or 
floricultural applications. A vinyl sheet 29 facing to the south; 
(S) is made of transparent vinyl sheet to permit sunlight 31 to J 
pass therethrough. A north (N) side sheet 30 is provided on its 
inner surface with densely standing carbon fibers 3 planted 
thereon according to the invention. Carbon fibers 3 may be 
provided even on the outer surface of the 

fibers 3 planted on the sheet 30 function as ^■ix^ia^^SfM 
layer to prevent heat of warm air 32 to escape ; outwarly ; «^ U ^K 
the sheet 30. Thus, high heating efficiency can be attained in l 
the hot house and energy saving can also be attained where fuel 
or electric power is utilized to heat the inside^f [ the 

Carbon-fiber-covered sheets may also be employed on the 
south side of the hot house as shown at 29 • ih^ifee , 
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sheet 29 ■ is covered with fine, carbon fibers 3 densely planted on 
either inner or outer surface thereof and can be rolled up on the 
top of the house when daylight is available. When temperature 
differences between the inside and the outside of the hot house 
are large, for example, in rainy or cloudy weather or at night, 
the sheet 29 f may be pull down over the transparent sheet 29 for 
heat insulation purpose. 

&&bg£ on the same concept, a hot house i»ay be Bade of usual 
transparent vinyl sheet cn both sides (north and south) , and 
combined removably with an insulating sheet like the sheet 29 or 
29 f which covers the overall hot house only when needed. 

kilgewise, insulating carbon-fiber-covered sheet may be 
employed in connection with the conventional green house (not 
shown) »^de of glass by putting the sheet, for example, on the 
north sicte roof or wall. Such insulating carbon-fiber-covered 
sheets tmy be of plate glasses having fine standing carbon fibers 
planted densely thereon or of substrate vinyl sheets or glass 
fiber fabrics covered by fine carbon fibers standing thereon, the 
latter b^ing employed like an curtain or shades. 

Figure 8 shows schematically a longitudinal sectional view 
of a fkoe «ade with leather on which fine carbcn fibers are 
planted densely. Fine carbcn fibers 3, preferably of activated 
type, are planted and standing densely on the entire inside 
surfaces of the leathers 33, though for clarity sake they are 
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depicted only in limited areas in Figure 8. Fine carbon fibers 3 
densely planted on the surface of leather serve to adsorb malodor 
in the shoes as well as to keep man's foot warm, particularly in 
the winter season or in a cold district. Shoes having fine 
5 carbon fibers planted therein may also be suitable for workmen 
in, for example, iron foundries or firemen to avoid to get burnt 
in the foot. Aside from shoes, leather covered with fine 
standing carbon fibers planted on its surface may be suitably 
usee to make a coldproof cr a fireproof garments- Furthermore, 
10 activated carbon fibers can be planted densely by the method of 
the invention on various substrates such, for example, as 
leather, fabric, paper, vinyl or other plastic sheet to make 
insoles having strong adsorbing ability. - 

Figure 9 shows a schematic sectional view of an electronic ( 
1 5 oven or microwave range in which an inner partition 34 made of 

metallic material is provided on its outer surface with standing 
fine carbon fibers 3 for preventing heat dissipation from within 
a cooking compartment toward outside. Heat usually generated > 
within a cooking compartment is so large that : an "outer ^sh^l^';^|S':^ 
20 is heated to such high temperatures that it may cause -a burn •©£:^ 
scald and voluminous heat losses. Inner partition 34 covered 
with fine carbon fibers 3 according to the invention can; ' " 
effectively shield heat radiation and cenduction f rbm Within ^ 
cooking compartment thereby to reduce power consumption and 
25 shorten a period of time required for cooking Ipt heating foo&Qs/p- 
Further, inner partition 34 having high insulat^ 
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permits to cconstruct an electronic oven of more compact size than 
usual sinc& -the outer shell 35 can be positioned adjacent to the 
inner partittion 34 with smaller or thinner distance left 
therebetween- Otherwise, with the outer shell 35 unchanged in 
its overall- xmter diiaesapions , the cooking compartment can be 
adapted to Save a larger capacity. 

Figure 10 illustrates a section of a lid for cooking pan or 
pot ma£e will* carbon- fiber-covered new material of the invention. 
Fine c&rbon libers 3 are planted densely on the surface of a 
metal plate which , in turn, is cut into a desired circular shape 
axtf uwferf^* 35 P* ess working to form a lid 36 as shown in Figure 
10. Carbon- fibers 3 may be planted on both surfaces of the lid 
36. 

Wb£P feies or " tempera* are being made in a pan shown in 
imagination line containing a large amount of oil, the oil may 
reach vary foigh temperatures so that it easily catches fire and 
gives ripe tso a dangerous situation. In such a case, the lid 36 
of the iavemfcton can be placed and pressed down by hand on the 
pan to sjaielja fire and seal off the pan without fear of getting 
burnt in th<£ hand and arm. In this manner, the carbon-fiber- 
covered lid of the invention serves as a fireproof ing or 
extipguishia^ utensil. 



Figure 11 is a sectional view of a bed pad mede according to 
the ipventifim. 1* this instance, foamed polyurethane 38 is used 
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as a substrate on which fine carbon fibers 3 are densely planted 
by the method of the invention. Carbon fibers 3 cover the top 
surface, both side surfaces and both end surfaces of foamed 
polyurethane 38 in the illustrated example, though bottom surface 
may also be covered with carbon fibers if desired. A bed sheet 
or cover cloth 39 as shown in imagination line may be employed to 
envelop carbon-fiber-covered pad 38. Or, otherwise, fine 
standing carbon fibers may be provided on inner surface of sheet 
or cloth 39. 

A bed or a sofa using as a padding foamed polyurethane with 
no flame proof finish is very likely tc cause a fire if, for 
example, a person lying or sitting thereon drops inadvertently a 
lighted cigarette. A fire dropped on the pad is not readily 
extinguished, but rather lasting to ignite an inner portion of 
foamed polyurethane, and after a while volumes of smoke and/or 
flames suddenly arise. 

By covering foamed polyurethane with' fine;\standi^';'cari^S:C 
fibers according to the invention/ . such 'an : . accident ^'cah ^^V/^v'' 
completely prevented not only in that foamed polyurethane is : - ' 
protected from being ignited, but also in that carbon fibers act 
as fire retardant and even extinguish the fire at last. Thus; 
foamed polyurethane with no usual flame proof finish can bie ft V 
safely utilized as a padding for a bed or sofa.' \ 
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Ficure 12 is a partial sectional view of a blanket 
incorporating a new material of the .invention. This blanket 
compri ses an upper fabric 40 provided on its innersurface with 
fine standing carbon fibers 3 densely planted thereon, a lower 
fabric 41 which will be in touch with the body of a wearer, and a 
heating wire 42 interposed between fabrics 40 and 41. Carbon 
fibers 3 nay also be planted on the outer surface of upper fabric 
40. Upon turning on electric current, heating wire 42 generates 
heat to warm the human body through lower fabric 41. Without 
carbon fiber layer, at least a portion of the heat generated by 
the Wire 4? would be dissipated in vain through upper fabric 40. 
According to the invention, however, densely planted fine 
standing carbon fibers 3 function just as to fill up the weaves 
of upper fabric 40 in such a way that air can not easily pass 
therethrough and act as heat insulator by themselves, so that 
almost all of the heat generated by heating wire 42 is supplied 
downwardly through lower fabric 41 to efficiently warm the human 
body. 

Figure 13 is a partial sectional view of an electrically 
heating carpet which incorporates a new material of the invention 
as heat insulator. The carpet comprises a lower layer 43 which 
may be of cloths, plastics or rubber on which standing fine 
carbon fibers 3 are densely planted, an upper layer 44 which may 
be of pile fabric, and a heating wire 45. The carpet will be 
laid with its lower layer 43 in direct contact with a flooring 
which usually "is of relatively low temperatures. Without an 
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insulating layer of carbon fibers 3, a large amount of heat 
generated by the wire 45 would be conduct ively lost. The carpet 
protected by insulating carbon fibers 3 of the invention can 
improve heating efficiency and contribute to energy saving.. 

5 Figure 14 is a sectional view of a cooking utensil covered 

with insulating carbon fibers of the invention. Illustrated in 
Figure 14 is a shallow receptacle 46 of glass, pottery or 
porcelain which is to be heated with foods contained therein in 
an electronic oven or a gas oven of the type having an overhead 

1 0 heating system and to be served as it is on a table. Upon 

heated, the receptacle as a whole becomes very hot and, if placed 
directly on the table, it may cause to char or otherwise damage 
the table surface. According to the invention , the receptacle 46 
is provided on its bottom surface with fine standing carbon 

15 fibers 3 for preventing high heat from being transmitted directly 
from the bottom thereof to the table surface. Likewise, an edge 
portion 47 can be provided with protective standing carbon fibers 
3 densely planted thereon which protect man's fingers from 
getting burnt. 

20 Figure 15 shows, partly in section and partly in elevation, 

refractories or fire bricks insulated with standing fine carbon 
fibers of the invention. A furnace, kiln, boiler or the like 48 
is surrounded by refractories 49 for shielding emission of high 
heat from the furnace or the like 48. Nevertheless, an accident 
can not be prevented to happen if refractories 49 are at high 
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temperatures of about 70°C or more when a. person touches 
carelessly the refractories. To prevent this, according to the 
invention, the refractories 49 axe covered on its outer surface 
with standing fine carbon fibers 3 thickly planted thereon. 
Although carbon fibers 3 are shown only in part in Figure 15 for 
clarity sake, they should be planted on the entire outer surface 
of the refractories 49. Thus, industrial safety facilities can 
be installed in a relatively simple and economical manner 
according to the invention. 

Referring now to Figure 16, a practical form of the 
carbon-fiber-covered material of the invention will be described. 
Figure 16 shews a perspective view of a shielding cr wave 
absorbing tape designed for easy use in shielding undesirable 
electroEagnetic waves which may have influences upon electronic 
or electric equipments. The illustrated shielding tape comprises 
a. continuous base film 1 of, for example, polyethylene or 
polypropylene. Oh which fine standing carbon fibers of about 1 - 
3mm length arte planted in crossing rows 3 and 4. As mentioned 
above in connection with Figure 1 <D) , thin and narrow layers of 
adhesive (2) are first applied onto a surface of base film 1 by 
utilizing, for example, applicator roll means having on its 
peripheral surface protruding crossing patterns corresponding to 
crossing rows 3 and 4. Then, base film 1 is passed through the 
electrostatic flocking station formed between two opposing 
electrodes such fas shown in Figure 2 and 3 whereupon a shielding 
tape having oh its surface standing fine carbon fibers rows 3 and 
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4 is obtained. A distance between adjacent two rows 3 cr twc 
rows 4 is to be determined dependent upon the wave length of 
undesirable electromagnetic waves. It is noted that the maximum 
distance permitted between rows to effectively shield undesirable 
5 waves should be of the magnitude equal to one hundredth of a 
target wave length. For instance, where wave length of target 
undesirable waves to be shielded off is 300mm, the maximum 
distance allowed between rows 3 or 4 is set to 3mm or less. The 
width of each row 3 or 4 is set to 2 or 3mm in practical visw 
10 point of applying adhesive layers. 

Upon completion of forming carbon fiber rows 3 and 4 C the 
base film 1 is applied on its another surface with an adhesive 
layer such as shown at 5 in Figure 1 (D) . Adhesive layer 5 is 
covered with a remover paper 6 , which can easily be peeled off at 
15 the time of applying the same onto any electrical or electronical 
equipment sought to be protected from undesirable electromagnetic 
waves. The shielding tape thus obtained of the invention is 
preferably rolled up as shown in Figure 16 for easy handling. 

Figure 17 shows a fragmentary sectional view of a new 
20 material of the invention which may be used as a filter element 
and adsorbent in a water purifier or an air cleaner. Reference 
numeral 51 designates a permeable substrate material such as 
foamed polyurethane or sponge having open cells therein. The 
substrate 51 may be of about 1cm thick for general purposes 
thougk it may be larger cr smaller in thickness dependent upon 
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specific purposes. The substrate 51 has a plurality of open 
cells 52 which penetrate the substrate from its one surface to 
another. On one surface of substrate 51 are applied adhesive 
layer 53 in such a way that individual adhesive layers 53 do not 
obturate individual openings of cells 52. To this end, it is 
preferable to apply adhesives in the form of thin solution having 
low viscosity as by spraying. Also, it is preferable to blow 
instantaneously a strong current of air into cells 52 from the 
opposite surface of the substrate to clear cell openings of 
adhesives which otherwise would obturate the same. 

On each adhesive layer 53 are densely planted standing fine 
activated carbon fibers 54 of about 1mm long. It is possible to 
plant carbon fibers of about .1 - 3mm long on the substrate 
according to the invention. If desired, substrate 51 may be 
covered with carbon fibers on both surfaces. 

Figure X8 schematically illustrates in an enlarged scale a 
portion of the new material of the invention shown in Figure 17. 
Carbon fibers 54 are standing close together on each adhesive 
layer 53 applied on the top of substrate 51 and surrounding 
openings of cells 52. In Figure 18, carbon fibers in the far 
side of openings are omitted for clarity sake. There are minute 
gaps left between individual fibers 54 through which molecules of 
air, water or other fluid to be filtered or cleaned can pass. 
These gaps, i^e., density in which carbon fibers are planted, can 
be properly adjusted by varying voltages applied across 
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electrostatic electrodes and/or relative speed of moving 
substrate with the electrostatic field. Where mechanical 
spraying is utilized for planting carbon fibers on the substrate, 
relatively larger gaps are left between fibers 54 as compared to 
electrostatic flocking procedure. 

An arrow A in Figures 17 and 18 indicates the current of air 
or other fluid flowing through the filter element of the 
invention. Flows a x flowing out along walls of open cell 52 are 
contacting with carbon fibers 54 standing around and adjacent to 
openings and being deprived of malodorous or harmful substances 
contained therein by micropores formed in the surface of 
activated carbon fibers. If air or other fluid is fed under some 
pressure, it will be spreading out as flows a 2 which penetrate 
into standing activated carbon fibers and receive more intimate 
and intense adsorbing activities thereof. 

The filter element or adsorbent of the invention as 
illustrated and described above has very high adsorption capacity 
as well as desorption ability. Desorption is easily and quickly 
conducted by, for instance, spraying water, chemical solution, 
hot water or steam onto activated carbon fibers 54 standing of 
the substrate, thus renewing adsorption capacity of activated 
carbon fibers. The filter or adsorbent of the invention can be 
used for cleaning or purifying not only air, but also water and 
other liquid, for example, for removing malodor from brewing 
stock liquid. 
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The present invention contemplates to utilize as a permeable 
substrate wire cloths, wire gauzes or wire nettings. Figure 19 
shows an example of such wire net 61 covered on its both surfaces 
61a and 61b with fine standing activated carbon fibers 63 and 64. 
In preparing such covered wire net, a substrate net is first 
immersed in adhesive or solution thereof and then subjected to 
the electrostatic flocking procedure as explained above. Carbon 
fibers are adhered to overall peripheral surfaces of individual 
wires and project radially outwardly around each wire. Distance 
H between tips of carbon fibers standing on adjacent twc wires 
can be as small as to virtually shut off the meshes of the net. 
However, there are microscopically sufficient gaps left between 
adjacent fibers to allow water or air molecules to pass 
-therebetween. 

The carbon-fiber-covered net of the invention can be used to 
make a handy filter device as shown in Figure 20. Filter device 
70 is of basket shape made of wire net 71 having fine activated 
carbon fibers 73 standing and planted thereon. Alternatively, a 
bamboo net or betsket can be utilized as a substrate on which 
activated carbon fibers are planted. A handle 75 is suitably 
provided. 

The filter device 70 can be employed in order to obtain 

facilely water fit to drink pn a journey to, for example, a 

backward region. Water taken from a river or a veil is poured 

intc a cup having the filter device 70 placed therein. Shaking 

— - — ■ .- — p m i 
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the cup or the device 7C causes the water contained therein 
pass back and forth through the eaafboo-fiber-ccvered net so that 
harmful and malodorous substances in the water can be effectively 
adsorbed and removed by myriad micropores of the activated carbon 
5 fiber. 



Adsorption by the activated carbon fiber is found to take 
place in much far intensely and quickly as compared to powdery 
activated carbon. Further, desorption can also be easily 
conducted on the activated carbon fiber by subjecting the same to 
1 0 hot water or steam. 



As fully and particularly described above, the present, 
invention provides a novel combination of the carbon fiber with 
the conventional base material in a relatively simple and 
economical manner thereby to produce a new material useful in e. 
wide variety of new uses which heretofore have not been expected 
at all and which are definitely promissing in future in that the 
carbon fiber need not be subjected to any expensive and 
cumbersome treatment heretofore required to make so-called 
composite materials, in that the base material are easily and 
economically available from various sources, and in that thus 
produced new material has many desirable properties and functions 
such as heat resistivity, heat insulation, heat retardancy, 
corrosion resistivity, adsorption and wave shielding abilities 
and is of very high value but of relatively low cost. 
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The new material of the invention is advantageously utilized 
for energy saving in household, industrial a«of agricultural uses 
by virtue of its heat insulation property, for security cf life 
and property by virtue of its fire retardancy and fireproofing 
5 properties leading to prevention and reduction of the cause of a 
fire, and the protection of environment by virtue of its 
adsorption property of air and water contaminants and by virtue 
of its absorption property of undesirable electromagnetic waves. 

While the invention has been described with respect to 
10 specific and preferred embodiments , changes and modifications can 
be made without departing from the scope of the present invention 
which is solely defined by appended claims. 
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CLAIMS 

1 . A new material comprising a combination of a substrate 
material selected from the group consisting of plastics, 
metals, glass, ceramics, wood, paper, cloths, leather, stone 
and brick, with fine and minute carbon fibers adhered to and 
standing densely on at least a portion of a surface of said 
substrate material, said carbon fibers including those of 
activated type and non-activated type. 

2. The new material as claimed in Claim 1 wherein said 
carbon fibers axe of from a few microns to a few millimeters 
in length. 

3. The new material as claimed in Claim 2 wherein said 
carbon fibers are prepared by pulverizing or finely dividing 
continuous carbon fiber filament into a size of from .8 to 
2.5mm in length. 

4. The new material as claimed in Claim 3 wherein said 
carbon fibers are electrostatically adhered to and standing 
densely on said substrate. 

5. The new material as claimed in Claim 1 wherein said 
substrate has an adhesive layer applied thereonto and said 
carbon fibers are sticking their base ends into said 
adhesive layer and standing thereof. 
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6. The new material as claimed in Claim 5 wherein organic 
adhesives are employed as said adhesive layer. 

7. The new material as claimed in Claim 5 wherein 
inorganic adhesives are employed as said adhesive layer. 

8. The new material as claimed in Claim 1 wherein said 
substrate material is selected from the group consisting of 
wood plates, plastic sheets or plates and slates , and said 
carbon fibers are adhered to and densely standing on the 
entire surface of said substrate to form heat insulating 
material for use in houses. 

9. The new material as claimed in Claim 1 wherein said 
substrate material is selected from the group consisting of 
sheet aetals and plastic plates, and said carbon fibers of 
activated type are densely adhered to said substrate to form 
thermal insulating and malodor adsorbing material for use in 
refrigerators. 

10. The new material as claimed in Claim 1 wherein said 
substrate material is selected from the group consisting of 
metal plates and glass plates, and said- standing carbon 
fibers are densely adhered to the surface of said substrate 
to form heat insulating material for use in heating 
apparatus. 
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1 1 . The new material as claimed in Claim 1 wherein said 
substrate material is sheet vinyl, and said standing carbon 
fibers are densely adhered to the surface of said sheet 
vinyl to form an envelope for agricultural and horticultural 
uses. 

12. The new material as claimed in Claim 1 wherein said 
substrate material is leather, and said carbon fibers of 
activated type are densely adhered to the surface of said 
leather to form malodor adsorbing means for use in shoes. 

13. The new material as claimed in Claim 1 wherein said 
substrate material is metal plate, and said standing carbon 
fibers are densely adhered to the surface of said metal 
plate to form a fire-extinguishing lid for use with a pan or 
pot. 



IS 14. The new material as claimed in Claim 1 wherein said 

substrate material is foamed polyurethane , and said carbon 
fibers are densely adhered to the surface of said foamed 
polyurethane to form fire retardant padding for use in a bed 
or a sofa. 



20 



15 - The new material as claimed in Claim 1 wherein said 
substrate material is permeable foamed polyurethane having 
open cells, and said carbon fibers of activated type is 
densely adhered to the surface of said polyurethane so as 
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not to clog said open cells to form adsorbent material for 
use in an air cleaner or a water purifier. 

16. The new material as claimed in Claim 1 wherein said 
substrate material is metal or bamboo net, and said carbon 

5 fibers of activated type are densely adhered to the entire 
surface of said net to form adsorbent material for use in 
purifying water. 

17. The new material as claimed in Claim 1 wherein said 
substrate material is polyethylene or polypropylene film, 

10 and said carbon fibers adhered are densely standing in 

crossing rows on said film, the spacing between each row 
being set to efficiently shield undesirable electromagnetic 
waves. 

18. A method for manufacturing a carbon-fiber-covered 
15 material conprising the steps of: 

(a) moving continuously a substrate material selected 
from the group consisting of plastics, metals, glass, 
ceramics, wood, paper, cloths, leather, stone and brick, 

(b) providing electrostatic field across said moving 
20 substrate, 

(c) providing a source of fine and minute carbon 
fibers facing one surface of said substrate in and adjacent 
to said electrostatic field, said carbon fibers being cf 
frcm a few microns to a few millimeters in length. 
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(d) applying adhesives ontc said one surface cf the 
substrate, and 

(e) ejecting said carbcn fibers, by the acticn of said 
electrostatic field upon energized, from said source onto 
said one surface of the substrate thereby to plant said 
carbon fibers in standing conditions on said adhesives and 
to cover said substrate with standing fine and minute carbon 
fibers. 
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